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工作经历

Education and Work Experience

2012-09 至 2016-06， XJTU                Physics， B.S.

2016-08 至 2018-08， MIT， Physics， Ph.D.

2018-09 至 2022-03， MIT， Postdoctoral Associate

2022-04 至2025-05，   MIT，          Research Scientist

2025-05 至今 IHEP             Associate Professor 

In 2017, I joined AMS (阿尔法磁谱仪) as a graduate 
student under the supervision of Professor Samuel 
Ting (丁肇中) at MIT. After almost ten years 
abroad, I decided to return to China and join 
JUNO as a faculty member at IHEP. 

22024 Christmas Party at CERN

西安交通大学
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Undergraduate Research Training

Worked with Prof. John LoSecco on the Long Baseline Neutrino 
Experiment (LBNE) in Notre Dame University for a summer

Worked with Prof. Clark McGrew on T2K in Stony 
Brook University.

I found my interest in particle physics at an early stage.

2014大二暑期项目

2015大三学期交流项目

LBNE was renamed to Deep Underground Neutrino 
Experiment (DUNE) in 2015

Prof. LoSecco and Prof. McGrew helped me apply graduate schools in US.



Brief Introduction of Cosmic 
Rays and Particle Physics 

4
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Cosmic Ray and Particle Physics
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1932 Discovery of Positron
Nobel Prize (1933) Carl Anderson 

1947 Discovery of Pion
Nobel Prize (1950) Cecil Powell 

1987 Discovery of Supernova Neutrino 
Nobel Prize (2002) Raymond Davis, 
Masatoshi Koshiba

• 1936: Muon (𝜇)
• 1949: Kaon (K) 
• 1949: Lambda (Λ)
• 1952: Xi (Ξ)
• 1953: Sigma (Σ)

𝜋

𝜇
𝑒

e+

Neutrinos, as neutral and weakly interacting particles, have emerged as a new 
cosmic messenger, enabling us to probe otherwise inaccessible regions of the 
Universe.

The measurement of charged cosmic rays marked the beginning of modern particle physics research. The study of 
cosmic rays continues to play a central role in exploring fundamental questions in astrophysics and particle physics.



…

“悟空” DAMPE

Cosmic ray measurements in space

3000 km2 1 km2

Ground-based high-energy cosmic ray experiments：

Pierre Auger

高海拔宇宙线观测站LHAASO

中国四川

Charged Cosmic rays(89% protons, 10% helium, 1% heavier nuclei + electrons)
 e.g.：
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Argentina

To measure their 
charge and momentum requires 

a magnetic spectrometer 
in space.  

Charged cosmic rays are absorbed by the
100 km of Earth’s atmosphere 

(10m of water).  
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100km

Atmosphere

Shower

Physics of AMS on the Space Station
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阿尔法磁谱仪AMS 

Japan



Hubble Space Telescope

Neutral cosmic rays

Chandra

James Webb Space Telescope

Fermi

“慧眼”(HXMT)
500米口径球面射电望远镜

“天眼” (FAST)，中国贵州

IceCube
JUNO

Super-Kamiokande
7

Photons

Neutrinos



Mars

Earth

Charged cosmic rays and high energy photons are major 
concerns for radiation damage

Neutrinos are harmless 
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Cosmic radiation from the Milky Way: 90 rem/year

The lethal dose is about 300 rem long-term base on the Moon or Mars 8



100公里厚的大气层

Charged cosmic rays are absorbed by the 
Earth‘s 100-km-thick atmosphere（10 
meters of water ）

geomagnetic deflection atmospheric shielding

Earth Protections from Charged Cosmic Rays

No geomagnetic field/atmosphere
-> no human being!

Air shower
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To measure their 
charge and momentum requires 

a magnetic spectrometer 
in space.  

Charged cosmic rays are absorbed by the
100 km of Earth’s atmosphere 
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Physics of AMS on the Space Station

3

10

Advantage: Avoid large systematic errors 
induced by air shower  

Disadvantage: Much smaller acceptance

Air shower

Measurement of Charged Cosmic rays in Space

3000 km2

Pierre Auger
Argentina
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Atmospheric Neutrinos from Charged Cosmic Rays

Charged cosmic ray (p,He…)

Air nucleus

𝝅±
𝝁±

𝝂𝒆

𝝂𝝁

𝐊±

Production of atmospheric neutrino:

𝝂𝝁

𝒆±

1998 Discovery of Neutrino oscillation 
in atmospheric neutrino 
Nobel Prize (2015) Takaaki Kajita 
(Super-K) 
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Transition Radiation Detector (TRD)
identify e+, e-

Silicon Tracker
 measure Z, P

Electromagnetic Calorimeter (ECAL) 
measure E of e+, e-

Upper TOF  measure Z, E

Magnet identify ±Z, P

Ring Imaging Cerenkov (RICH)
measure Z, E

Lower TOF  measure Z, E

Anticoincidence Counters (ACC)  
reject particles from the side

AMS is a space version of a precision detector used in accelerators
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Non-accelerator Type ExperimentAccelerator Type Experiment

Human-made collisions, test standard model or 
beyond 

e.g., CMS at LHC

The typical layout: 

Natural sources, study rare natural processes 
(neutrinos, dark matter…)

PandaX  四川锦屏

13



Particle energy deposition in matter

When a relativistic charged particle passes through 
a medium, it interacts electro-magnetically with 
the atomic electrons and loses energy through the 
ionization of the atoms.

p-n junction in a semiconductor detector

de-excitation 
photons

Scintillation detector 

Particle energy deposition is the basis of nearly all high energy physics detector.
Different types of detectors “read out” this deposited energy through various physical 

mechanisms:

Simplified ionization process

14



Semiconductor Detector:
e.g., AMS Silicon Tracker

1
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TRD

ECA

L

RICH
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TOF

L1 to L9: 间隔3米

Gaseous Detector: 
e.g., AMS Transition Radiation Detector

Common Detector Type
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Common Detector Type: Scintillation Detector
  Examples of Plastic Scintillator:

AMS Time of Flight (TOF) Counts 

JUNO Top Tracker

Examples of Liquid Scintillator:

Largest of its kind!
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Common Detector Type: Cherenkov Detector
  

AMS Ring Imaging Cerenkov (RICH) detector
Super-Kamiokande

10,880 

photosensors

IceCube

If the velocity of the particle is greater than the speed of light in the medium, Cherenkov 
light is emitted.

17
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Transition Radiation Detector (TRD)
identify e+, e-

Silicon Tracker
 measure Z, P

Electromagnetic Calorimeter (ECAL) 
measure E of e+, e-
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Magnet identify ±Z, P

Ring Imaging Cerenkov (RICH)
measure Z, E
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AMS is a space version of a precision detector used in accelerators
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PhD work
Charge Calibration of AMS Tracker

19
19
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Undergraduate Research Training at IHEP

大三暑期科研项目：

JUNO太阳中微子灵敏度研究
指导老师：李玉峰，曹俊

大四毕业设计：

下一代无中微子双beta衰变探测器nEXO的设计
指导老师：温良剑

Undergraduate research training is a great way to 
prepare for graduate school. You never know, your 
advisor might one day become your colleagues!

How to reach us: Talking face to face is most effective, 
but an email is good enough!

2016
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Graduation in Two Years

Passed SM (统计力学) and EM
(电磁学) before the courses

One year to take 6 courses：

CM (经典力学)，
QM(量子力学)

Two Breadth courses：
QFT (量子场论)、
String Theory (弦论)

Two Specialty courses:
Particle physics
Nuclear physics 

One year for research
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AMS Silicon Tracker Calibration

an inner layer double-sided micro-strip sensor

Principle of charge measurement: dE/dx ∝ Z2 (relativistic particles) 

x (y)-side strip in each layer is used to measure particle charge.

The whole tracker system has 2264 

sensors assembled in 192 ladders, 

totaling ~200k readout channels.

y-side strip

x-side strip

Charged Particle

𝝁𝒆~𝟑𝝁𝒉

x
y (bending plane yz)

SiO2 Layer

n-doped substrate
(300 μm)

22



Caution on Terminology 

Charge in the context of AMS refers to the electric charge number of a cosmic-ray particle 
(atomic number 原子序数 for nuclei）.  

In the context of JUNO, charge refers to the number of 
photoelectrons collected by PMTs -> energy of neutrinos  

Electrons of atoms are stripped away during 

acceleration in supernova or during their journey 
in space. 

23



A4

A2

A1

A3

A5

Position

𝜃        
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Nonlinear and saturation effects

A𝑖(𝑖=1-5) are the strips with five largest signal responses.

Overcoming nonlinear effects with single-strip measurements

𝐀
𝐃

𝐂

𝐀
𝐃

𝐂

Charge resolution is improved by measuring the signal by individual strip (A1, 

A2, A3, …) instead of using the sum of signals from all strips.

Various corrections are needed to obtain the final charge which has NO  

dependence on the readout electronics, coordinate (position, inclination θ).

Challenge: 

24
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Example of the Results: 

Silicon (Z=14, selected by 

TOF scintillation counters) Y-

side seed strip ~2000 chips 

(64 channels each)

Readout Element Calibration 

All 200,000 channels of the 

tracker system are equalized. 

This procedure makes the 

responses of detector 

homogeneous.

10 Chips

   y side

Silicon

Sensor

Front-End 

Electronics



Improvement in the charge resolution

2016 Review

My method

He

Ne

C

Fe NiCaSi

Improved by 200% and more

26



Charge Performance Comparison on AMS data

Traditional Method 

before 2017

My Method

27



Past work: Solar Physics

28
28
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Cosmic ray intensity at low 
energies is modulated by the 
Sun through the influence of 
magnetic field and solar wind.

Solar System

Solar Modulation of Cosmic Rays



The most significant long-term scale variation of 
cosmic rays is related to the 11-year solar cycle.

Long-term Scale Variation: Solar Cycle

2011

Sunspot activity is extensively recorded since 1755

30

2014
2016

2015

2017

2018

2019

2013

2012

2011

2010

2009

2030

Solar Cycle 24
Solar 
Cycle 25
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Number of selected events 
(corrected for bin-to-bin migration)

Daily Flux Measurement

Φ𝑖
𝑗
 = 

𝑁𝑖
𝑗

𝐴
𝑖
𝑗

 𝜖
𝑖
𝑗

 𝑇
𝑖
𝑗

 △𝑅𝑖

Effective acceptance
(from MC, verified with data) Daily Trigger efficiency Daily collection time

Bin width

Isotropic flux in the 𝑖th rigidity 

bin (𝑅𝑖 , 𝑅𝑖 +△ 𝑅𝑖) and 𝑗th day

Extensive studies were made of the systematic errors for 𝑁𝑖
𝑗
, 𝐴𝑖

𝑗
 , and 𝜖𝑖

𝑗
.
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Comparison of Proton Fluxes between Groups

My result was chosen for the publication



AMS Daily Proton and Helium Fluxes
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Daily Protons Daily Helium

[4.02-4.43] GV

[5.90-6.47] GV

[9.26-10.10] GV

[1.00-1.16] GV

[1.92-2.15] GV

[2.97-3.29] GV

[1.71-1.92] GV

[2.15-2.40] GV

[2.97-3.29] GV

Most precise data available for the most abundant cosmic ray: Protons and Helium nuclei.
Long time span (>one Solar Cycle) and wide energy range (1-100 GV)



AMS Daily Proton Flux

Long Scale Variations are related to the 11-year Solar Cycle.

Su
n
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t 
N

u
m

b
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Sunspot Number

34

Proton Flux [1.00-1.16 GV]



AMS Daily Proton Flux

Nonrecurrent variations are typically from coronal 
mass ejections, especially during solar maximum

Short scale variations can be either nonrecurrent or recurrent. 

35

Proton Flux [1.00-1.16 GV]



AMS Daily Proton Flux

Short scale variations can be either nonrecurrent or recurrent. 

Recurrent variations are related to Sun’s rotation

36

Proton Flux [1.00-1.16 GV]

太阳自传周期27天



27 days

Recurrent Flux Variation with Periods of 9, 13.5, and 27 days in 2016

37



Frequency Analysis of Daily Fluxes

Fourier Transform represents data as a function of sinusoidal waves:
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Drawback: sinusoids extend to infinity: not localized in time.

Wavelet: exist for finite duration: localized both in time and frequency space:

-4 -3 -2 -1 0 1 2 3 4
-2

-1.5

-1

-0.5

0

0.5

1

1.5
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38
C. Torrence and G. P. Compo, Bull. Am. Meteorol. Soc. 79, 61 (1998)

This method was first introduced by me for the analysis of 
proton data, and it has been widely adopted by the 
collaboration for the analysis of other particles (e-,e+…).



Periodicities of Daily Proton Fluxes in 2016

First half (Jan 10-Jul 16)

Second half (Jul 17-Jan 21, 2017)

Unexpectedly, the strength of 9-
day and 13.5-day periodicities 
increases with increasing rigidity 
up to ~10 GV and ~20 GV, 
respectively. Then the strength 
decreases with increasing rigidity 
up to 100 GV.

39

Phys. Rev. Lett. 127, 271102 (2021)

Thus, the AMS results do not 
support the general conclusion 
that the strength of the 
periodicities always decreases 
with increasing rigidity

Main author
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Example of Relation between the AMS Daily Flux and Solar Environment Parameter:
13.5-day period is observed in both cosmic ray and solar wind speed.

27 days

NASA/GSFC's OMNI data set



Connection to the Activities on the Surface of the Sun

41(May 10, 2016-Jun 06, 2016) Image taken by Solar Dynamics Observatory (SDO), NASA

Coronal Hole are sources of high speed solar wind affecting Earth. The rotation of the Sun 
causes multiple periods in the flux:

Longitude [deg]

0 coronal hole:
1 coronal hole
2 coronal hole separated by 180°

3 coronal holes separated by 120°

No apparent periods
27-day period (a Bartels rotation)
13.5-day period
9-day period

7th appearance

5th appearance

3th appearance



More recent work before I left AMS:
Li Isotopes

42
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Neutrinos are closely related to 
all these process! 

Supernova or Neutron Star Merger

43

Origin of elements

Lithium-7 Problem: The abundance of 7Li predicted by the Big Bang nucleosynthesis is 4 times higher than 
what is observed in old, metal-poor stars.  Is there any primary 7Li from big bang in cosmic ray?



Particle

AMS环形成像切仑科夫探测器(RICH)

Θ

Intensity ⇒ Z2

⇒ V

Aerogel NaF

10,880 

photosensors

44
44

Velocity resolution

Particle mass is deduced by simultaneous measurement of 
velocity and momentum (Tracker with magnetic).

7Li 6Li



New AMS Observation

Above 7 GV, 6Li and 7Li fluxes have an identical rigidity dependence. This excludes the existence of a 
sizable primary component in the 7Li flux.

AMS data is challenging current models 
(GALPROP, USINE) 

Main author
45
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JUNO is at its beginning of data-taking

AMS has been running on the 
International Space Station for 14 
years

Proton fluxes at different energies

从太空到地下



Supernova
explosion

Cosmic Ray

Electromagnetic
 Radiation

Study of Supernova in the Era of Multi-Messenger Astronomy

A supernova is the explosive death of a massive star, releasing enormous amounts of energy in 
various forms, detectable through multiple messengers.

47

Neutrino

Gravitational Wave
AMS

Pierre Auger
Jiangmen Underground Neutrino Observatory

Acrylic Sphere: 
ID: 35.4m

Thickness:12cm

SS Lattice:
ID: 40.1m

OD: 41.1m

17612 20-in PMTs

25600 3-in PMTs

Water pool:
ID: 43.5m

Height: 44m

Depth: 43.5m

2400 20-in PMTs

JUNO Physics and Detector, 
arXiv:2104.02565

Jiangmen Underground Neutrino Observatory (JUNO)

Approved in Feb. 2013. Ground-breaking in 2015. 

Construction to be completed in 2023.

A multiple-purpose neutrino experiment with rich 

physics programs:

➢ Reactor ν: Oscillation, spectrum

➢ Atmospheric ν
➢ Solar ν
➢ CCSN
➢ DSNB (aka supernova relic ν)
➢ geo-ν
➢ Nucleon decay (backup)
➢ Dark matter (backup)
➢ 0νββ potential (future upgrade,

not covered here)

Yufeng Li ICRC2023 2

JUNOIceCube

…
…

LIGO Virgo

Fermi H.E.S.S.

…

…
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Proposed in 2008 as a reactor neutrino experiment for mass ordering
           driving the design specifications:
          location, 20 kton Liquid Scintillator, 3% energy resolution, 700 m underground
Approved in 2013. Construction in 2015-2025. 

Acrylic Sphere:
Inner Diameter: 35.4 m
Thickness: 12 cm
Stainless Steel Structure:
Inner Diameter: 40.1 m
Outer Diameter: 41.1 m
17612 20-inch PMTs, 
25600 3-inch PMTs

Water Pool:
Inner Diameter: 43.5 m
Height: 44 m 
Depth: 43.5 m
2400 20-inch PMTs

A multiple-purpose neutrino experiment 
with rich physics programs:

➢ Reactor neutrinos
➢ Atmospheric neutrinos
➢ Solar neutrinos
➢ Supernova burst neutrinos
➢ Supernova relic neutrinos
➢ Geoneutrinos 
➢ Nucleon decay
➢ Dark Matter
➢ …

JUNO detector



49

Neutrino Spectrum at Earth

JUNO

U. Katz and C. 
Spiering, Prog. Part. 
Nucl. Phys. 67, 651 
(2012)



50Kate Scholberg @ CIPANP 2022

Neutrino Interactions in the ~10 MeV range
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Future Large Supernova-Burst-Sensitive Neutrino Detectors    
Jiangmen Underground Neutrino Observatory

Acrylic Sphere: 
ID: 35.4m

Thickness:12cm

SS Lattice:
ID: 40.1m

OD: 41.1m

17612 20-in PMTs

25600 3-in PMTs

Water pool:
ID: 43.5m

Height: 44m

Depth: 43.5m

2400 20-in PMTs

JUNO Physics and Detector, 
arXiv:2104.02565

Jiangmen Underground Neutrino Observatory (JUNO)

Approved in Feb. 2013. Ground-breaking in 2015. 

Construction to be completed in 2023.

A multiple-purpose neutrino experiment with rich 

physics programs:

➢ Reactor ν: Oscillation, spectrum

➢ Atmospheric ν
➢ Solar ν
➢ CCSN
➢ DSNB (aka supernova relic ν)
➢ geo-ν
➢ Nucleon decay (backup)
➢ Dark matter (backup)
➢ 0νββ potential (future upgrade,

not covered here)

Yufeng Li ICRC2023 2

JUNO
20 kton Liquid Scintillator

Hyper-Kamiokande (Japan)
260 kton water

DUNE (USA)
40 kton liquid Argon

2025Operation 
Start:

2028 Late-2020s

Multiple
channels 

ഥ𝝊𝒆 + 𝒑 →  𝒆+ + 𝒏 Electron elastic scattering
IBD (if Gd added in future)
…

𝝊𝒆 + 𝟒𝟎𝑨𝒓 →  𝒆− + 𝟒𝟎𝑲∗

They are complementary in capabilities with different detector technologies.

Inverse beta decay (IBD)

Proton/Electron elastic scattering
…

𝝊𝒙 + 𝒑/𝒆− → 𝒑/𝒆− + 𝝊𝒙
…
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Supernova Burst Neutrinos
Multi-messenger Astronomy

K. Nakamura et al., 
Mon. Not. Roy. 
Astron. Soc. 461, 
3296 (2016)

Shock Breakout

EM
Gravitational Wave
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Global Network
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Supernova Burst Neutrinos
Multiple Detection Channels

For a core-collapse supernova at 10kpc

Inverse beta decay (IBD). 
~5000 events
 ഥ𝝊𝒆 at ~10MeV

Proton elastic scattering (pES):
 ~1500 events
all neutrino flavors at lower energy

 Electron elastic scattering (eES):
~300 events
all neutrino flavors but larger cross 
section for 𝝊𝒆

JUNO Collaboration, J. Phys. 
G43 (3) (2016) 030401 

54

Unique for Liquid Scintillator
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Diffuse Supernova Neutrino Background (DSNB)

J. Beacom TAUP 2011

Have not been detected yet.

The DSNB is neutrinos (and anti-neutrinos) cumulatively originating from all core-collapse 
supernovae events throughout the history of the universe.
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Upgrade of Super-K for DSNB

Neutrino 2024

The Super-K-Gd, involving the addition of 
gadolinium (Gd) to its water, officially began 
in July 2020.

Liquid Scintillator neutron capture efficiency: 
almost 100% 
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Detection of DSNB with JUNO

JUNO Collaboration, JCAP 10 (2022) 033

Before background reduction

The dominate background for DSNB detection comes from atmospheric neutrinos interacting via 
neutral-current (NC) processes with 12C nuclei in JUNO's liquid scintillator. 

After background reduction

Fiducial Volume 1

Background Reduction Techniques: Muon Veto, Fiducial Volume Cut, Pulse Shape Discrimination, 
Triple Coincidence cuts, … 
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One of the Major Backgrounds for DSNB: Atmospheric Neutrinos

Cosmic ray

Air nucleus

➢ Data from AMS serves as input to calculate the 
atmospheric neutrino background.

➢ Understanding the interactions induced by 
atmospheric neutrinos is crucial.   

AMS
Daily Proton Fluxes

𝝅±
𝝁±

𝝂𝒆

𝝂𝝁

𝐊±

𝒆±

𝝂𝝁
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Diffuse Supernova Neutrino Background

JUNO Collaboration, JCAP 10 (2022) 033

Reference model

With the reference model: 3𝝈 (3 yrs) and >5𝝈 (10 yrs)

Average energy 

of SN neutrinos
Black hole

FractionSupernova (SN) rate RSN
Key information:

3𝝈

5𝝈
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This is an exciting time to join 
neutrino research and contribute 
to discoveries at the frontiers of 
fundamental physics
 
Looking forward to your 
participation and wishing you 
enjoy your own scientific journeys 
in the future!

Summary

CERN

江门中微子实验室
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Back Up



H

He

Li
Be

B
C

N
O

F

Ne

Na
Mg

Al
Si

P
S

Cl Ar
K

Ca

Sc
Ti

V

Cr Fe

Ni
Mn

My Charge Calibration is widely used in the 
Collaboration
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Co

AMS Measurements on Primary 

and Secondary Cosmic rays
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Multiple channels sensitive to all flavors

Research Plan 2 a) : Measurement of Supernova Burst Neutrinos

The expected energy spectra 

pre-SN neutrinos SN neutrinos 

JUNO Collaboration, JCAP 01 (2024) 057
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Supernova Burst Neutrinos
Directional Information

JUNO Collaboration, JCAP 01 (2024) 057

Betelgeuse-like star pre-SN pointing:
56° (81°), NO (IO) for 15 M⊙.

The direction between the IBD prompt positron and delayed 
neutron capture gives the SN direction.

Typical core-collapse supernova at 10 kpc SN pointing:
26° (23°), NO(IO) for 13 M⊙.

Triangulation
The time delay between the signal at different 
detectors define a sky region

V. Brdar et al., JCAP 04(2018) 025



72Multiple channels sensitive to all flavors

Supernova Burst Neutrinos
Neutrino Energy Spectra

H. L. Li et al., Phys. Rev. D 99, 123009 (2019).

Normal mass ordering Inverted mass ordering

SN distances at 10 kpc 



USA

MIT - CAMBRIDGE
NASA GODDARD SPACE FLIGHT CENTER

NASA JOHNSON SPACE CENTER
UNIV. OF HAWAII 
UNIV. OF MARYLAND - DEPT OF PHYSICS

MEXICO

UNAM

FINLAND

UNIV. OF TURKU
UNIV. of Oulu

FRANCE

LUPM MONTPELLIER
LAPP ANNECY

LPSC GRENOBLE

GERMANY

RWTH-I.
KIT -  KARLSRUHE

UNIV. of Kiel
 

ITALY

ASI
IROE FLORENCE

INFN & UNIV. OF BOLOGNA
INFN & UNIV. OF MILANO-BICOCCA
INFN & UNIV. OF PERUGIA

INFN & UNIV. OF PISA
INFN & UNIV. OF ROMA

INFN & UNIV. OF TRENTO

NETHERLANDS

ESA-ESTEC
NIKHEF

SPAIN

CIEMAT - MADRID
I.A.C. CANARIAS.

SWITZERLAND

ETH-ZURICH
UNIV. OF GENEVA

CHINA

CALT (Beij ing)
IEE (Beijing)

IHEP (Beijing)
NLAA (Beijing)
SJTU (Shanghai)

SEU (Nanjing)
SYSU (Guangzhou)

SDU (Jinan)

KOREA

EWHA
KYUNGPOOK NAT.UNIV.

PORTUGAL

LAB. OF INSTRUM. LISBON

TURKEY

METU, ANKARA

BRASIL

IFSC – SÃO CARLOS INSTITUTE OF PHYSICS

ACAD. SINICA (Taipei)
CSIST (Taipei)
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～600 scientists and engineers from 47 institutions and 15 countries.



Elementary Particles in the Heliosphere (Protons, positrons, electrons, and antiprotons)
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|Rigidity| = 1.92-2.97 GV

Two Positive Charged Particles

Two Negative Charged Particles
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Comprehensive data provide unique input to understand the charge-sign and mass dependence in cosmic-
ray modulation inside the heliosphere.
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Supernova Burst Neutrinos
Improve Trigger and DAQ

Two major trigger systems in JUNO: 
➢ Global trigger (threshold ~ 0.2 MeV); 
➢ Multi-messenger trigger (threshold ~ 20 keV)

Neutrino 2024 Milan, Italy

Online Monitor:
  Implemented on DAQ.  
  Based on reconstructed events

SN:
200 - 400 kpc with 50% probability, 
alert in 10 - 30 ms if 10 kpc

pre-SN:
0.6 - 1.7 kpc with 50% probability, 
alert > ~100 hr in advance if 0.2 kpc

Prompt Monitor:
  Implemented on electrics board
  Based on trigger
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Previous Measurement of Neutrinos from Supernova Burst 

Previously, 25 neutrinos were detected from 
Supernova 1987A by Kamiokande-II, Irvine–
Michigan–Brookhaven (IMB), and Baksan 
experiments, marking the beginning of neutrino 
astronomy. 
    

Credit: ESO Schmidt Telescope

Tarantula Nebula in the Large Magellanic Cloud

Supernova 1987APhys. Lett. B 205 (1988) 209–214 



Corotating 
Interaction Region

Precision measurements of daily cosmic ray fluxes provide unique inputs for the 
understanding of cosmic rays in the heliosphere. 

Cosmic Ray Recurrent Variation in Short Scale

Coronal holes are regions where plasma density and temperature are lower, so they 

appear darker in images. Coronal Hole are sources of high speed solar wind affecting Earth. 
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B

Fast Solar Wind

Coronal Hole
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